We describe an improved micro-scale method for determining serum theophylline by reversed-phase liquid chromatography.
We describe an improved micro-scale method for determining serum theophylline by reversed-phase liquid chromatography.
Samples are deproteinized with two volumes of methanol containing f.-hydroxyethyltheophylline as an internal standard. The supernate is chromatographed with a methanol/sodium acetate buffer (15/85 by vol) mobile phase, and the amount of theaphylline is calculated from the ratio between peak heights for theophylline and the internal standardat 273 nm. We also monitor for chemical interferences at 254 nm. We found no interferences from ampicillin, methicillin, cephalosporin, and cephalothin. None of the drugs tested or metabolites and compounds related to theophylline have been found to interfere. The method is rapid, accurate, sensitive, and specific for theophylline.
AdditIonalKeyphrases: dual-wavelength monitoring #{149} pediatric chemistry
Theophylline, 1,3-dimethylxanthine, is a central nervous system, cardiac, and respiratory stimulant; it dilates coronary arteries and relaxes smooth muscle. It therefore has served as a widely accepted bronchodilator in the treatment of asthma, apnea, and obstructive lung disease. Serum half-life values for theophylline in patients on identical therapeutic regimens vary considerably, suggesting that dosages for in- was prepared in deionized water and adjustedto pH 3.5 with glacial acetic acid.
Material and Methods

Apparatus
The buffer could be stored for up to a week at room temperature.
The solvent system consisted of 150 mL of methanol added to 850 mL of buffer to yield a methanol/acetate buffer, 15/85 by volume. At times the proportions were adjusted to 14/86 (by volume) to achieve greater baseline resolution.
The mixture was filtered and degassed through a Millipore G.S. hematocrit tubes sealedat one end and centrifuged at about 13 000 rpm in a hematocrit centrifuge for 7 mm. We injected 7-giL aliquots into the chromatograph and quantitated the peak-heightratios from the working curve.
Results and Discussion
Identification of Theophylline
Separation of theophylline from the internal standard was obtained after adjusting of the mobile phase to 15/85 by vol methanol/acetate buffer ( Figure 1B) . Under these conditions, plasma extracts from individuals not on theophylline therapy resulted in a flat baseline ( Figure 1A ). Lipemic and hemolyzed specimens yielded similar results. Addition of purified theophylline to a plasma pool resulted in retention times and peak shapes ( Figure 1B) identical to those from patients on theophylline therapy ( Figure 1C) or from aqueous standards.
Calibration
Curves for Theophylline at Two Wavelengths Theophyllmne peak heights at 10,20,30, and 40 mgfL were monitored daily at 254 nm (full scale 0.005 A) and at 273 nm (full scale = 0.010 A). The mean results of six consecutive days' assays are presented as calibration curves in Figure 2A . The relative coefficient of variation2 for these 24 measurements was 4.0% at 273 nm and slightly greater at 254 nm. Although relative sensitivity at 254 nm appears greater than at 273 nm, the absolute sensitivity for theophylline is maximum at 273 nm (18) . The linearity of each standard curve was established to 40 mg/L, which suggested that the two slopes are continuously related to each other, thus permitting a dualwavelength monitoring approach. We selected 273 nm as the most suitable wavelength for theophylline measurement because sensitivity was slightly greater there, whereas measurement at 254 nm would be more prone to interferences (22, 23) .
To reduce imprecision of measurement, we incorporated BHET, as an internal standard, into the methanol precipitation solvent. The resulting theophylline and internal standard peak heights were monitored at both wavelengths as a check for possible interference, and the patients' theophylline concentrations were calculated from a calibration curve of 2 Relative coefficient of variation = (standard error of estimate! mean peak height) X 100. 
Absorbance Monitoring at Two Wavelengths
A recent report (23) emphasizes a need for dual-wavelength monitoring HPLC programs to detect interferences in analyses. We have therefore adopted a routine dual-wavelength monitoring for theophylline. We investigated the constancy of peak-height measurement for theophylline at 10,20,30, and 40 mg/L and of BHET at 18.4 mg/L as a function of the ratio of measurements at 254 nm and 273 nm for 20 days. Because we found no significant differences between theophyllmne concentrations, we calculated 1st and 99th percentile limits over the entire concentration range. For theophylline, the lst-99th percentile ratio limits were 1.02 and 1.22; for BHET, they were 0.95 and 1.01. The ratio limits for the theophylline ratio/BHET ratio were 1.01 and 1. Syva Corp., Palo Alto, CA 94304). The sources of these interferences at 254 nm were unknown and could not be related to these patients' drug regiments. The superiority of 273 nm over 254 nm for detection of theophylline appears to be validated by these experiences. 
Precision and Accuracy
To establish the limits of intra-day imprecision, serum from a patient on a low theophylline regimen was sampled in quadruplicate, and the resulting extracts were pooled. Twenty successive 7-giL injections were made and resulting peak heights measured. The resulting coefficient of variation was 2.0% (Table 1) . Inter-day imprecision was assessed over a two-month period with control sera of low and high theophylline concentration. The coefficients of variation for the low and high pool were 4.4%and 3.1%, respectively. The accuracy of the method was indicated by an analytical recovery study (Table 1) .
Correlation
The accuracy of this method was further assessed by a single blind study in which 38 unselected patient's samples previously assayed for theophyllmne by a standard gas-liquid chromatographic method (11) were re-assayed by this procedure. The results are presented in Figure 3 and exhibit excellent correlation for 37 samples with concentrations to 30 mg of theophylline per liter. The correlation coefficient of 0.98 was highly significant (p <0.001). The 38th value was estimated as 68 g/L by HPLC and 62 ig/L by gas-liquid chromatography, but was not included because linearity of this method was established only to 40 mgfL; but from this it appears that even unusually high concentrations of theophylline may be evaluated by this method.
Interferences
Hildebrand parameters indicate that the acetate-bearing cephapirin and cephalothin-type compounds could be resolved through changes in solvent, buffer strength, and pH
(24).
Figure 4 illustrates that our method gives complete baseline 
